C opulation patterns have been reported for numerous species of diurnal raptors (Order Falconiformes), possibly because their copulations are typically conspicuous and frequent. The majority of raptorial birds for which precise estimates are available copulate more than 100 times per clutch (see Table 1 ), with the American kestrel, Falco sparverius, copulating up to 690 times per season (Balgooyen 1976) . Since only one successful copulation seems to be enough to fertilize a full clutch (Lake 1975; Birkhead et al. 1989) , and there are costs associated with copulation (Birkhead & Møller 1992) , an explanation for the high frequency of intrapair copulations in raptors and other birds is needed (e.g. Catry & Furness 1997). Birkhead et al. (1987) and Møller & Birkhead (1992a) suggested several hypotheses to explain frequent copulation: (1) to increase the chances of fertilizing all the eggs; (2) to strengthen or maintain the pair bond; (3) to take advantage of a low predation risk; or (4) to dilute the sperm of competitors. Simmons (2000) has recently reported that polygynous harriers (Circus spp.) may suffer from sperm depletion, as they have lower hatching rates than monogamous pairs; this would support hypothesis 1 above. The pair bond maintenance and predation risk hypotheses have never been adequately tested in birds. Animals are generally assumed to be at greater risk when copulating, but there are also suggestions that mating individuals could gain from an 'alliance' of defensive mechanisms (Gwynne 1989) , and this could be true for raptors. The sperm competition hypothesis has gained more attention and support (Birkhead & Møller 1992) , and the current paradigm is that frequent intrapair copulations are used as a paternity guard, as an alternative to mate guarding in species where males are unable to guard their mates efficiently.
Other hypotheses have been proposed, such as females soliciting copulations to prevent their mates from engaging in extrapair copulations (Petrie 1992), or to assess the quality of their mates (Tortosa & Redondo 1992; Negro et al. 1996; Catry & Furness 1997; Lens et al. 1997; Villarroel et al. 1998) . Recently, some authors specifically studying raptors have advocated a compromise: frequent copulation outside the fertile period would have functions unrelated to fertilization, such as mate assessment, whereas those taking place during the presumed fertile period of the female would be related to paternity assurance (Negro et al. 1996; Villarroel 1998; Mougeot 2000) . This idea is not entirely new: Newton (1979) and Village (1990) suggested that, given the occurrence of copulations after egg laying in raptors, the function of copulations was not restricted to fertilization.
Raptor Copulation Patterns and Sperm Competition
The study of raptor copulation behaviour has revealed several common features (see also Table 1): (1) daily copulation rates often follow a bimodal distribution, with an early peak 18-65 days before laying, and a second peak coinciding with the onset of laying (Mougeot 2000); (2) copulation often continues during incubation or the chick-rearing period (Robertson 1986; Sodhi 1991; Holthuijzen 1992; Watson 1997; Bertran & Margalida 1999) ; and (3) the incidence of extrapair copulations (EPCs) and extrapair fertilizations is very low, for both solitary and colonial species (Simmons 2000) . These patterns are not predicted by the sperm competition hypothesis. First, the early peak of copulations may lie outside the female's fertile period, which starts about 1 week before laying in the American kestrel, the only raptor for which the length of the fertile period has been determined (Bird & Buckland 1976) . Second, under sperm competition, copulations should drop to zero after the clutch is completed and the female is no longer fertile. Third, if frequent copulations were used to ensure paternity, individuals seeking EPCs should be a common sight, and this is not the case for raptors.
Copulations as Signals of Territory Ownership
It has been suggested that copulation could be some kind of advertisement (Ellis & Powers 1982; Simmons
